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[57] ABSTRACT

Novel condensates comprising bisphenols and aromatic
aminosulfonic acids, in particular, novel 4-aminoben-
zenesulfonic acid-2,2-bis (hydroxyphenyl)propanefor-
maldehyde condensates, and methods for their produc-
tion are disclosed. The novel condensates are useful as a
dispersant for disperse dyes, an additive for carbona-
ceous fine powder-water slurries and as a water reduc-
ing agent for cement.
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PRODUCTION OF NOVEL CONDENSATES
COMPRISING BISPHENOLS AND AROMATIC
AMINOSULFONIC ACIDS, CONDENSATES AND

~ DISPERSANT, ADDITIVE AND
WATER-REDUCING AGENT BASED THEREON

The present application is a divisional of application
Ser. No. 566,760, filed Aug. 14, 1990, now U.S. Pat. No.
5,153,299.

FIELD OF THE INVENTION

The present invention relates to a production method

of novel condensates of aromatic aminosulfonic acids
with bisphenols, in particular, novel 4-aminobenzene-
sulfonic acid-2, 2-bis(4-hydroxyphenyl)propane-for-
maldehyde type condensate and the condensate itself.
The invention is also concerned with a dispersant for
disperse dye, which gives a dye dispersion excellent in

S

10

2

Moreover, with naphthalenesulfonic acid-formalde-
hyde condensate, the contaminability is low in an ordi-
nary temperature region and it is excellent in this re-
spect. But, it has a problem on the high-temperature
dispersibility, thus the dispersibility decreases to the
utmost in a high-temperature region.

Besides these lignin sulfonic acid and naphthalenesul-
fonic acid-formaldehyde condensate, a condensation
product comprising cresol, 2-hydroxynaphthalene, sul-
fite and formaldehyde (Japanese Unexamined Patent

- Publication No. Sho 54-30983) etc. have been devel-

15

high-temperature distensibility, less in contaminability 20

and excellent in leveling property, an additive for car-
bonaceous fine powder-water slurry, which gives a
water slurry high in viscosity-reducibility, less in fluid-
1ty change over time and excellent in transportability
through pipe line, and a water-reducing agent for ce-
ment compositions such as cement paste, mortar and
concrete, which has high water-reducibility, less de-
crease in fluidity over time and improved executability

and workability, all of them being based on said conden-
sates.

BACKGROUND OF THE INVENTION

Recently, as a water-reducing agent which improves
- the consistency of cement compositions and which
decreases the change in fluidity such as slump loss with
the lapse of time, a condensation product with high-
moiecular weight used aromatic aminosulfonic acids
and phenols has been developed (Japanese Unexamined
Patent Publication No. Hei 1-113419).

In this reaction, however, unreacted aromatic amino-
sulfonic acid showing no water-reducing property (dis-
persibility) ends up to remain in large amounts. This is
considered to be due to the fact that phenols tend to
make homopolymer. In addition, because of this prop-
erty of phenols, the stability under acidic condition etc.
- cannot be said to be good.

In the invention, a condensate is provided, which has
aromatic aminosulfonic acid as a component, in which
unreacted aromatic aminosulfonic acid being an ineffec-
tive component is decreased to the utmost and yet
which has more excellent performance and is useful in

wider scope of fields over conventional aromatic

aminosulfinic acid type condensate by imparting polar
group, heat-resistant structure and stericity to the hy-
drophobic skeleton.

Next, the disperse dye has been mainly used so far for
dyeing polyester fibers etc. This is made up to be dis-
persed stably into water by using dispersing agent, since
the dye itself of disperse dye is insoluble or hard soluble
nto water.

As dispersing agents in such case, lignin sulfonic acid,
naphthalenesulfonic acid-formaldehyde condensate,
etc. have been used.

Lignin sulfonic acid is excellent in dispersibility at
- high temperature and exhibits good dispersibility even
in 2 high-temperature region such as the case of dyeing
polyester fibers. On the other hand, however, it tends to
contaminate the cloths.
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oped, but they are insufficient in any of high-tempera-
ture dispersibility, contaminability and leveling prop-
erty. -

As a result of diligent investigations on the dye dis-
persion which exhibits excellent dispersibility even in a
high-temperature region, less contaminability and ex-
cellent leveling property, the inventors have reached
the invention.

Next, accompanying with the worsening circum-
stances of oil supply, the coal, which is abundant in
resources, lies in wide deposit areas and distributes over
all parts of the world, has been reconsidered as an en-
ergy source in substitution for oil.

Moreover, the petroleum coke being a distillation
residue of oil, which found little utilization hitherto as
an energy source, has also become to attract attention as
an Important energy source.

However, the carbonaceous fine powder of coal,
petroleum coke, etc. is solid material as opposed to oil
making it impossible to transport by pump. For this
reason, a method of pulverizing coal and petroleum
coke, dispersing them into water and converting to
water slurry has been put into practice.

In this case, however, the increase in the concentra-
tion of coal and petroleum coke brings about markedly
increased viscosity to lose the fluidity and, inversely,
the decrease in the concentration of coal and petroleum
coke brings about decreased transport efficiency and
also expenditure for the dehydration process, leading to
impracticability.

Moreover, there is a problem in storage because of
the change in produced slurry with the lapse of time,
that is, early coagulation and sedimentation of carbona-
ceous fine powder.

As a method for raising the concentration of carbona-
ceous fine powder in this carbonaceous fine powder-
water slurry and yet producing fluidized carbonaceous
fine powder-water slurry, the addition of dispersing
agent has been proposed.

For example, as a dispersing agent for coal-water
slurry, nz phthalenesulfonic acid-formaldehyde conden-
sate (Japanese Unexamined Patent Publication No. Sho
62-16893) can be mentioned. As dispersing agent for
petroleum coke-water slurry, polyether compound
(Japanese Unexamined Patent Publication No. Sho
39-91195) etc. can be mentioned.

All of these however can hardly be said to be suffi-
cient in viscosity-reducing property and storage stabil-

ity.

Hence, a dispersing agent having high VISCOSity-
reducing effect at lower addition level and high storage
stability of slurry is still demanded.

As a result of diligent studies in detail on aromatic
aminosulfonic acid type polymers, the inventors have
succeeded in the development of a dispersing agent
having high viscosity-reducing effect at lower addition



5,233,012

3

level and yet high storage stability of carbonaceous fine
powder-water slurry.

Finally, various water-reducing agents are used re-
cently in the mortar constructions, concrete construc-
tions, etc. aiming at the improvement in different physi- S
cal properties such as improved workability, enhanced
strength and durability and decreased cracking prop-
erty, but high-performance AE water-reducing agent is
still demanded.

So far, as the water-reducing agents for cement, salt 10
of sulfonated melamine resin, polycarboxylate, salt of
naphthalenesulfonic acid-formaldehyde high-degree
condensate, lignin sulfonate, etc. have been utilized.
However, with salt of sulfonated melamine resin, the
water-reducing effect is low and high level of addition
1s required and, with polycarboxylate, the water-reduc-
ing effect is high, but increased level of addition causes
a remarkable retardation of setting resulting in the defi-
ciency of hardening as the case may be. With salt of
naphthalenesulfonic acid-formaldehyde high-degree 20
condensate, the water-reducing effect is high, the retar-
dation of setting is low and the air-entraining property is
also low, but the decrease in fluidity of mortar and
concrete over time is significant. With lignin sulfonate,
the water-reducing effect is high, but the air incorpora-
tion is high affecting inversely on the physical proper-
ties of mortar and concrete. These and others have been
problematic points.

. In recent, a concrete-admixing agent containing aro-
matic aminosulfonic acid-phenol-formaldehyde con-
densate has been developed (Japanese Unexamined
Patent Publication No. Hei 1-113419). It is said that this
admixing agent improves the consistency of cement
composition and decreases the change in fluidity such as
the slump loss with the lapse of time. With this, how- 35
ever, further improvements in high amount of residual
monomer on condensation etc. are desired as described
earlier.

As a result of diligent studies aiming at the decreased
residual monomer (aromatic aminosulfonic acid) in aro-
matic aminosulfonic acid type admixing agent and the
further improvement in fluidity of cement compositions
without injuring the preventive effect on decrease in
fluidity over time by imparting polar group and stericity

15
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to the hydrophobic skeleton, the inventors reached the 45
invention.
SUMMARY OF THE INVENTION
The first of the invention is to provide a production
method of novel condensates obtainable by condensing 50
compounds represented by a general formula (I)
I
HO X OH 33

wherein X indicates any of

60
R Rj O
I | i
—Com, =C=—, =S
I | Il
R; 1114 O
COOH 65

or —O—(R), Rz and R3 indicate each independently
hydrogen or alkyl group and Ry indicates aklyl group)],

4

or their salts and aromatic aminosulfonic acids repre-
sented by a general formula (II)

SO3H (1)

NH

[wherein Y indicates hydrogen or alkyl group), or their
salts with formaldehyde in the presence of alkali cata-
lyst.

When the compound represented by said general
formula (I) is 2, 2-bis(4-hydroxyphenyl)propane repre-
sented by a formula (I)”

CH {1y”

l
H C

!
CH3

OH

or its salts and the compound represented by the general

formula (II) is 4-aminobenzenesulfonic acid represented
by a formula (IT)’

SOsH iy

NH-

or 1ts salts, the novel condensate obtainable is presumed
to be 4-aminobenzenesulfonic acid-2, 2-bis(4-hydrox-
yphenyl) propaneformaldehyde type condensate repre-
sented by a following general formula (III).

SO;3H
CHs NH;
OH
CH,

[wherein n is an integer of 1 to 20].
The dispersant for disperse dye being the second of

the invention is the condensation products of com-

pounds (I) or their salts and aromatic aminosulfonic
acids (II) or their salts with formaldehyde in the pres-
ence of alkali catalyst. .
Moreover, the additive for carbonaceous fine pow-
der-water slurry and the water-reducing agent for ce-

ment being the third and the fourth of the invention,
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respectively, have condensates obtainable by condens-
ing 4-aminobenzenesulfonic acid (II)’ or its salts and

bisphenol compounds represented by a following gen-
eral formula (I)’

| d
| ay
' 10
wherein X indicates o
CH; O H  CHj;
| | l
—C—, —§—, —C~;, —C— 13
I I ; I
CH; O H ((|3H2)2
' COOH
or —O—], their salts with formaldehyde as major com- 20

ponents.

Besides, another type of water reducing agent for
cement has 80 to 20 parts by weight of said condensates
of 4-aminobenzenesulfonic acid (II)’ or its salts and
bisphenol compounds (IYor their salts with formalde- 25
hyde and 20 to 80 parts by weight of lignin sulfonate
treated the sulfite pulp spent liquor through ultrafiltra-
tion until the reducible sugars become to not more than
3% or lignin sulfonate containing not less than 0.20 mol
of carboxyl group and not less than 0.10 mol of sulfonic
group per phenylpropane unit as major components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a gel permeation chromatogram of the
condensate of Example 1,
FIG. 2 and FIG. 3 show infrared spectra thereof, and

FIG. 4 shows a nuclear magnetic resonance spectrum
thereof.

DETAILED DESCRIPTION OF THE
INVENTION

In the invention, as the compounds represented by
the general formula (1), |

30

35

40

45
2,2-Bis (&-hydroxyphenyl) propane (Bisphenol A):
[
H(I: OH’
CH; 50
4,4’ -Dihydroxydiphenylsulfone (Bispheno! S):
0 |
I
HO S OH,
;!:I, 35
4,4'-Dihydroxydiphenylmethane (Bispheno! F):
i
HO (I: OH, &0
H
4,4-Bis (4-hydroxyphenyl) valeric acid (DPA):
OH, 63

| <|3H3
| ((|3H2)2

COOH

6

-continued

4,4-Bis (&-hydroxyphenyl) butyric acid:
H
((|3H2)2
Coon

4,4'-Dihydroxydiphenyl ether (DHPE):

4,4'-Dihydroxybiphenyl (DHBP):

can be used preferably. It is also possible to vary the
properties by combining these.

- In the invention, the condensation reaction is per-
formed at rates of 20 to 150 parts by weight of bisphe-
nols represented by the general formula (I) or their salts
and 20 to 65 parts by weight of formaldehyde to 100
parts by weight of aromatic aminosulfonic acids repre-
sented by the general formula (II) or their salts. Prefera-
bly, total molar ratio of one or not less than two kinds of
compounds of general formula (I) or their salts, molar
ratio of compounds of general formula (11) or their salts
and molar ratio of formaldehyde are made to be
0.3-1.0:1.0:1.5-3.0. In the case of additive for carbona-
ceous fine powder-water slurry, however, the molar
ratios of bisphenols, 4-aminobenzenesulfonic acid and
formaldehyde are maintained at 0.3-0.8:1.0:1.0-3.0, re-
spectively. |

Moreover, the alkali catalysts to be used are metal
oxides such as sodium hydroxide, calcium hydroxide
and potassium hydroxide, hydroxide of ammonium
bases, etc. It is preferable to use 0.5 to 2.0 mol equiva-
lent of them to 1 mol of aromatic aminosulfonic acids
represented by the general formula (II). In the case of
water-reducing agent for cement, the addition rate of
alkali is preferable to be 0.95 to 1.05 mol to 1 mol of
4-aminobenzenesulfonic acid when bisphenol com-
pounds/4-aminobenzenesulfonic acid=1/1.

If out of these ranges of molar ratio and molar equiva-
lent, the amount of unreacted aromatic aminosulfonic
acid tends to increase. Such condensation reaction can
be performed in suitable solvent not causing the con-
densation, but, preferably, it is performed through solid-
liquid reaction by mixing bisphenols represented by the
general formula (I), aromatic aminosulfonic acids repre-
sented by the general formula (II) and alkali with water.
In this case, though the bisphenols represented by the
general formula (I) are hard to dissolve into water (ex-

cept the case of strong alkaline condition), they dissolve

with the progress of reaction.

Moreover, salts of aromatic aminosulfonic acids may
be dissolved into water and bisphenols are added to this
to react. In this case, pH value of aqueous solution of
aromatic aminosulfonates is preferable to be adjusted to
7 to 12 with alkali catalyst. If out of this range, the
amount of unreacted aromatic aminosulfonic acid tends
to increase,
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‘The reaction temperature is 60° to 110° C. and the
reaction time is preferably 4 to 20 hours, though not
hmited particularly. Moreover, if reacting again by
adjusting to strong alkaline condition (pH value of 10 to
13) after the reaction for several hours, the progress of
condensation would become rapid.

Furthermore, it is desirable to add formaldehyde
dropwise over 1 to 3 hours and the reaction concentra-
tion is made usually to be 20 to 50 wt. %.

The condensates of the invention comprising bisphe-
nols and aromatic aminosulfonic acids make it possible
to extremely reduce the residual rate of unreacted aro-
matic aminosulfonic acid compared with the conden-
sates comprising phenols and aromatic aminosulfonic
acids. This is considered to be due to the difference in
forming tendency of homopolymer between bisphenols
and phenols. Since bisphenols show larger steric hin-
drance so that the freedom of reaction points is re-
stricted significantly over phenols, they are hard to
form homopolymer by themselves. Consequently, they
would react almost completely with aromatic aminosul-
fonic acids.

In this way, it has become possible to convert almost
all of aromatic aminosulfonic acids used to effective
components.

Moreover, since the condensates themselves are hard
to cause the re-condensation, the stability of conden-
sates 1S good even under acidic condition.

Furthermore, it is possible to introduce useful polar
group, hydrophilic group or heat-resistant structure
into the hydrophobic skeleton. It is also possible to
impart the stericity to the hydrophobic skeleton so as to
make difficult to be adsorbed onto dispersed medium.

From these points, the condensates of bisphenols
with aromatic aminosulfonic acids can exert their use-
fulness in wider scope of fields.

The dye dispersion containing the dispersants obtain-
able by the method of the invention has following ef-
fects.

1) It exhibits excellent dispersibility even in a high-
temperature region during dyeing and causes no ob-
structions such as tarring and mottling.

2) It has less contamination onto polyester fibers and
cotton and exhibits excellent effect even on light-color
dyeing.

3) The composition of the invention is of low foaming
property leading to no dyeing troubles when using for
dyeing operation and uniform dyeing.

Besides, the dispersants obtainable by the method of
the invention can be used together with naphthalenesul-
fonic acidformalthyde condensate, lignin sulfonic acid,
condensation product comprising cresol, sodium salt of
Schaffer’s acid, sodium hydroxide and formaldehyde,
and other publicly known surfactants as well as inde-
pendent use thereof.

Here, with respect to the additive for carbonaceous
fine powder-water slurry, some important facts should
be added.

For producing the condensed compounds being the
major components of additive, it is required to perform
the condensation at molar ratios described above. If out
of these ratios, the viscosity-reducibility, fluidity and
characteristic of change over time would be decreased.

The weight-average molecular weight of condensates
being the major components of additive is desirable to
be 3,000 to 50,000 and, if deviating from this range, the

viscosity-reducibility and storage stability would be
lowered.

h
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The particle size of carbonaceous fine powders such
as cool and petroleum coke is not prescribed particu-
larly, but it is desirable to have 200 mesh pass of not less
than 50%, preferably 70 to 80%.

Moreover, in the invention, it is also possible to use
the condensates together with publicly known additives
such as carboxymethylcellulose, methylcellulose, poly-
acrylate and condensed polyphosphate. Naphthalene-
sulfonic acid-formaldehyde condensate and lignin sulfo-
nate used as dispersants hitherto are similarly possible to
be used together.

Also, with respect to the water-reducing agent for
cement, followings should be noted.

For producing the condensates being major compo-
nents of water-reducing agent, it is required to perform
the condensation at specified rates described above. If
out of these rates, the water-reducibility, fluidity and
characteristic of change over time would be decreased.
Since the effect of alkali is very significant in this con-
densation reaction, the addition rate of alkali is also
required to be strictly retained as above. If out of the
rate, the amount of residual monomer (unreacted 4-
aminobenzenesulfonic acid) would become high
abruptly.

The weight-average molecular weight of the con-
densed compounds lies in a range of 10,000 to 50,000
when determining by means of gel permeation chroma-
tography (GPC), and, if deviating from this range, the
effect for improving the fluidity would be lowered.

The hgnin sulfonate treated through ultrafilzration,
which is used as an another component of water-reduc-
ing agent, is one purified until the reducible sugars in
sulfite pulp spent liquor become to not more than 5%. .
The fractionation membrane during ultrafiltration treat-
ment 1s desirable to be 1,000 to 30,000, preferably 5,000
to 20,000. |

Moreover, the lignin sulfonate containing not less
than 0.20 mol of carboxyl group and not less than 0.10
mol of sulfonic group per phenylpropane unit can be
produced by oxidizing sulfite pulp spent liquor under
alkaline condition to reduce sulfonic group, as de-
scribed in Japanese Patent Publication No. Sho
56-40106, or by sulfomethylating thiolignin in kraft pulp
spent liquor to introduce sulfonic group.

With the condensates of bisphenol compounds and
4-aminobenzenesulfonic acid with formaldehyde alone,
the flmdity over long term is not still enough and satis-
fied effect can be achieved for the first time by using
said specified lignin sulfonate together. The rates of
condensate to lignin sulfonate are 80-20:20~80 (parts by
weight), and, if out of this range, the effect would be
decreased remarkably.

The condensates to be used in the invention exhibit
remarkable improvement effect on fluidity over the
condensate of 4-aminobenzenesulfonic acid and phenol
with formaldehyde (hereinafter abbreviated as A com-
pound) described in Japanese Unexamined Patent Publi-
cation No. Hei 1-113419. This is based on following
reason.

Namely, it is considered that, after the condensation
reaction of A compound, about 10% of 4-aminoben-

zenesulfonic acid remain as residual monomer, and, in

consequence of the tendency of phenol to form homo-
polymer, unreacted 4-aminobenzenesulfonic acid is easy
t0 remain. -

In this way, in the case of the condensation reaction
of A compound using phenol, because of accompanying
side-reaction and property of phenol itself, a compli-
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cated means of first process (reaction under weak alka-
hne condition) and second process (reaction under

strong alkaline condition) is required. Aqueous solution of NaOH

Whereas, in the case of the condensates of 4-amino- [ 95% NaOH 42.11 g (1 mol)
benzenesulfonic acid and bisphenol compounds with 5 H,0 768.74 g
formaldehyde being major components of the water-
reducing agent of the invention, the residual monomer To this solid-liquid, 171.43 g of 35% aqueous solution
decreases to about one third compared with the case of of formaldehyde (formaldehyde 2 mol) were added
A compound. This is considered to be due to the facts over 1 hour at a temperature of 90° C
that the bisphenol compounds of the invention are hard 10 Then, the mixture was refluxed for 9 hours at a tem-
to dissolve into water and alkali and that the formation peraturé of 100° C. to obtain an aqueous solution of
of homopolymer being the side-reaction is hard to 4.0 O\ |
occur over phenol. Moreover, in the case of the inven- The weight-average molecular weight (Mw) and the
tion using bisphenol compounds, there is also a feature amount of residual monomer (4-aminobenzenesulfonic
that the complicated reaction means as the case of A 15 acid) of the condensate thus obtained were 31,568 and
compound using phenol is not required. | 2.5% (based on solids), respectively.

The water-reducing agent for cement of the inven- Besides, the weight-average molecular weight was
tion is used in a rate of 0.01 to 2.0%, preferably 0.1 to dcterminc:d by means of gel permeation chromatogra-
0.6% to cement. If the formulation level is too low, phy and calculated making pullulan as a standard. The
expected eflects cannot be obtained and, if it is too gh, 20 rogidual monomer was determined from area ratio with
the cement disperses excessively to cause separating — gier i refractometer of gel permeation chromatog-
phenomenon, leading to undesirable state. raphy

As the cements applicable to the invention, normal A g el permeation chromatogram, infrared spectra
portland cement, high early strength cement, ultrahigh o' oo magnetic resonance spectrum of the con-
early strength cement, blast furnace cement, moderate 25 densate obtained are shown in FIG. 1. FIG. 2 and FIG
heat cement, fly ash cement, sulfate-resisting cement, 3, and FIG. 4, respectively o ' '
etc. are used. Moreover, the water-reducing agent for 'In FIG. 4. there are a pcak at 44 ppm originating from
cement of the invention can be used together with other o - '
additives for cement, for c:xampleg water-reducing quaternary carbon of 2, 2-bis (4.—l}ydr_oxyph¢nyl) e

. . ’ : ’ pane and a peak at 33 ppm originating from methyl
.ﬂ.gcnt, alr-t?ntralplng agcnt,.SFttlng rCtarder, waterprmf' 30 group of 2, 2.bix (4‘hYdr0xyphcnyl) propane, thus
Ing agent, inflating agent, silica fume, stone powder, etc. showing a condensate of 2, 2-bis (4-hydroxyphenyl)

In following, the invention will be illustrated in detail propane ’

based on examples. '
EXAMPLE 1 - EXAMPLE 2 THROUGH 7
. ot e e g Varying the bisphenol compounds, condensates were

Into a reactor equipped with stirring device, reflux- obtained similarly to Example 1 |

ing device, thermometer and dropping device of aque- These results are shown in Ta'ble: 1.
TABLE 1

10

-continued

Condensate after reaction
- Residual 4-amino-

Reaction conditions (g/mol) benzenesulfonic
4-Aminobenzene- ' Weight-average acid (%, based
sulfonic acid Bisphenol compound 95% NaOH Water 35% HCHO molecular weight on solids)

Example 2 173.20/1 4,4'Dihydroxy- 42.11/1 736.00 171.43/2 31.290 3.8
diphenyimethane
100.12/0.5

Example 3 173,20/1 4,4'-Dihydroxy- 42.11/1 719.62 171.43/2 26,361 2.7
biphenyl |
93.10/0.5 .

Example 4 173.20/1 4,4'-Dihydroxy- 42.11/1 794.41 171.43/2 38,210 1.8
diphenylsulfone
125.15/0.5

Example 5 173.20/1 4,4’ -Dihydroxy- 42.11/1 738.06 171.43/2 26,981 3.1

| dipheny! ether

101.00/0.5

Example 6*) 173.20/1 4,4-Bis(4-hydroxy- 42.11/1 83645 171.43/2 28,238 4.1
phenyl)-valeric acid
143.17/0.5

Example 7¢) 173.20/1 2,2-Bis(4-hydroxy- 42.11/1 78227 ~ 171.43/2 32.450 3.1
phenyl)-propane
91.32/0.4
4,4-Bis(4-hydroxy-
phenyl)-valeric acid

| 28.63/0.1
'}TcmPerltures on adding formaldehyde are 93° C. in Example 6 and 92° C. in Example 7, respectively.
ous solution of formaldehyde, following materials were
charged in fixed amounts. 65
EXAMPLE 8

173.20 g (1 mol)
114.15 g (0.5 mol)

4-Aminobenzenesulfonic acid
2, 2-Bis (4-hydroxyphenyl) propane

The aqueous solutions of the condensates of Example
1 through 6 were powdered with spray dryer and the
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contaminability of powdered samples to cloth was
tested.

Moreover, the contaminability tests with naphtha-
lenesulfonic acid-formaldehyde low-degree condensate
(hereinafter abbreviated as NSF) and partically desui-
fonated lignin sulfonic acid (hereinafter abbreviated as
L1G) were performed concurrently using them as com-
parative samples.

the testing method of contaminability is as follows:

Into water, 600 mg (bone dry basis) of dispersant
were dissolved. After adjusted the PH value to 5.0 with
acetic acid, total volume was made to be 250 ml. This
was charged into a dyeing tester together with 8 g of
test cloth. After dyeing for 1 hour at 105° C., the test
cloth was dried to measure the brightness.

Results obtained are shown in Table 2.

TABLE 2
——e

Brightness of cloth (%)

Mixed-spun of
Cotton tetron and cotton
Example 1 £81.0 84.0
Example 2 79.0 81.6
Example 3 81.1 81.5
Example 4 84.0 85.3
Example 5 81.6 82.3
Example 6 82.0 82.4
NSF 81.7 83.0
LIG 59.0 62.0

M

3

10

135

20

25
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TABLE 3-continued
Speck test

©

LIG

EXAMPLE 10

Into a reactor, following materials were charged in
fixed amounts.

(I) 4-Aminobenzenesulfonic acid
(II) 2, 2-Bis (4-hydroxyphenyl) propane
(II) 959 NaOH
Water

173.20 g (1 mol)
114.15 g (0.5 mol)
42.11 g (1 mol)

768.74 g

Next, to this solid-liquid suspension, 171.43 g (2 mol)
of (IV) 35% aqueous solution of formaldehyde were
added dropwise under reflux, and the reaction mixture
produced was stirred for 10 hours to obtain a transpar-
ent agueous solution of condensate.

The weight-average molecular weight (Mw) and the
amount of unreacted 4-aminobenzenesulfonic acid of
the condensate thus obtained were 24,950 and 2.8%
(based on solids), respectivly.

EXAMPLE 11 THROUGH 15

Varying the bisphenol compounds, condensates were
obtained similarly to Example 10.
Results are shown in Table 4.

TABLE 4

M

Reaction conditions

Condensate after reaction
Residual 4-aminoben-

EILIILLIV  Weight-average zenesulfonic acid
Type of bisphenol compound Molar ratio molecular weight (%, based on s0lids)
Example 11 4,4’-Dihydroxydiphenyl- 1:0.5:1:2 29,865 3.6
| methane
Example 12 4,4'-Dihydroxybiphenyl 1:0.5:1:2 24,156 2.4
Example 13 4,4'-Dihydroxydiphenyl- 1:0.5:1:2 40,817 1.8
sulfone
Example 14 4,4'-Dihydroxydiphenyl 1:0.5:1:2 21,287 3.5
ether
Example 15 4,4-Bis(4-Hydroxyphenyl)- 1:0.5:1:2 26,443 3.5
valeric acid

(I + 11 + I):Water = 0.3:0.7 (ratio by weight)

EXAMPLE ¢

The high-temperature dispersibility of powdered
condensates of Example 1 through 6 prepared from
aqueous solutions with spray drier and NSF and LIG as
comparative samples was compared.

The testing method is as follows:

Dye, dispersant and water were mixed in fixed
amounts. After milled to fine particles, they were fil-

tered and dried with spray dryer (inlet temperature: -

100°~150° C., outlet temperature: 50°-55° C.).
Thereafter, the speck test and the speck test after heat
treatment (80° C., 15 hours) were carried out.
Results are shown in Table 3.

TABLE 3
Speck test
Example 1 O
Example 2 A
Example 3 O
Example 4 (©
Example 5 O
Example 6 O
NSF X

65

EXAMPLE 16 THROUGH 22

Molar ratios of (I) 4-aminobenzenesulfonic acid, (II)
2,2-bis-(4-hydroxyphenyl) propane, (III) NaOH and
(IV) formaldehyde were varied as the reaction condi-
tions to obtain the condensates similarly to Example 10.

Results are shown in Table 5. |

TABLE 5

Reaction Condensate after reaction
conditions  Weight-average Residual 4-aminoben-
LILIILIV molecular zenesulfonic acid
Molar ratio weight (%, based on solids)
e A s N St Btivittatitutietvintul A
Example 10 1:0.5:1:2 24,950 2.8
Example 16 1:0.5:0.98:2 29,387 1.9
Example 17 1:0.5:1.03:2 13,890 5.0
Example 18 1:0.4:1:1.8 20,050 —
Example 19 1:0.44:1:1.88 20,230 34
Example 20 1:0.6:1:2.2 26,420 —
Example 21 1:0.62:1:2.24 27,938 2.1
Example 22 1:0.75:1:2.5 44281 1.5

m
(I + 11 + III):Water = 0.3:0.7 (ratio by weight)
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COMPARATIVE EXAMPLE 1 THROUGH 6

In a reactor, fixed amounts of following four materi-
als were mixed and the pH value was adjusted to 8.1
with 0.1 N aqueous solution of NaOH.

(I) 4Aminobenzenesulfonic acid

173.20 g (1 mol)

(1I) Phenol 94.10 g (1 mol)
(III) 95% NaOH 42.11 g (1 mol)
Water 72197 g

Nest, to this aqueous solution, 171.43 g (2 mol) of
(IV) 35% aqueous solution of formaldehyde were
added under reflux and the mixture was stirred for 7.5
hours under reflux (first process).

- The mixture was cooled to room temperature and,
after adjusted the PH value to 11.0, it was refluxed for
3 hours (second process) to obtain the condensate.

The weight-average molecular weight (Mw) and the
amount of residual 4-aminobenzenesulfonic acid were
23,375 and 11.8% (based on solids), respectively.

Table 6 shows the results when varied the molar
“ratios of materials above.

TABLE 6
| | Condensate after reaction
Reaction Weight-
conditions average Residual 4-aminoben-
EILIHILIV molecular zenesulfonic acid
Molar ratio weight (%, based on solids)
Comparative  1:1:1:2 23,375 11.8
example |
Comparative 1:1:0.98:2 24,306 9.8
example 2 |
Comparative  1:7:1.03:2 =~ 33,143 15.0
example 3
Comparative 1:0.88:1:1.88 25975 15.4
example 4
Comparative  1:1.24:1:2.24 27,294 10.6
example 5
Comparative 1:1.5:1:2.5 45,863 9.5
example 6

M
(I + 1I + III):Water = 0.3:0.7 (ratic by weight)

EXAMPLE 23

The carbonaceous fine powder-water slurry was pre-
pared and the fluidity was measured as follows:

1. Preparation Method of Carbonaceous Fine
| Powder-Water Slurry

Into water dissolved beforehand a fixed amount of
dispersant, carbonaceous fine powder pulverized to 200
mesh pass of 80% was thrown (total amount: 400g),
which was enough wetted with a mixing rod (for past-
ing). Then, this was stirred for 40 minutes at 8000 rpm
with TK homomixer made by Nihon Tokushu Kiko
Kogyo Co. to prepare the carbonaceous fine powder-
water slurry and the viscosity of slurry was measured at
20° C. by using model BL rotational viscometer. Exam-
ples and comparative examples carried out under these
conditions are shown in Table 7 and Table 8. Lower

viscosity indicates better fluidity.

2. Measuring Method of Fluidity of Carbonaceous Fine
- Powder-Water

Slurry

The carbonaceous fine powder-water slurry prepared
under conditions of 1) was transferred to a cylinder
(inner diameter: 35 mm, height: 250 mm) and a glass rod
with diameter of 6 mm and weight of 30 g was intruded

10

15

20

25

30

35

40

45

30

23

65

14

to measure the dropping state with the lapse of day. If
the glass rod intrudes to bottom by its own weight, the
stability of slurry is good, but, if it stops at a depth of
less than one half on the way and becomes not to in-
trude below on pushing it by hand, the stability becomes
poor. +

The stability of slurry was measured under these
conditions and examples and comparative examples
thereby measured the lasting days are shown in Table 7
and Table 8. Longer lasting days indicate better stabil-

ity.

TABLE 7

A{Great Greta coal)

Addition Viscosity Stability

level (%) (cps) (day)
Example 10 0.1 1050 12

Example 10 0.2 670 40

Example 10 04 270 45
Example 12 0.1 %60 42
Example 13 0.1 1020 35
Example 18 0.1 1000 40
Example 20 0.1 1100 31
Comparative 0.1 1950 5
example 7
Comparative 0.2 1200 6
example 7
Comparative 0.4 700 7
example 7
Comparative 0.1 2500 15
example 8
Comparative 0.2 1800 18
example 8§
Comparative 0.4 1150 20
exampie 8

Comparative example 7: Naphthalenesulfonic acid-formaldehvde condensate
Comparative example 8: Co-condensate of modified lignin sulfonic acid treated with
hydrogen peroxide after air-oxidation treatment under alkaline condition and
naphthalenesulfonic acid with formaldehyde.

Comparative example 7: Naphthalenesulfonic acid-
formaldehyde condensate

Comparative example 8: Co-condensate of modified
Iignin sulfonic acid treated with hydrogen peroxide
after air-oxidation treatment under alkaline condition
and naphthalenesulfonic acid with formaldehyde.

TABLE 8
_(Petroleum coke, Paskagula)

Addition Viscosity Stability

level (%) (cps) (day)
Example 10 0.1 1400 35
Example 10 0.2 980 38
Example 10 0.4 600 45
Example 12 0.2 1000 39
Example 13 0.2 960 42
Example 18 0.2 1000 40
Example 20 0.2 1040 35
Comparative 0.1 3800 4
example 9 |
Comparative 0.2 2200 5
example 9
Comparative 04 1600 8
example 9

W
Comparative example 9: Glycerine polyether adduct (PO/EO = 3/7), MW 30,000

EXAMPLE 24
The consistency of concrete added with the water-

‘reducing agents of the invention was compared with

that of concrete added with the reducing agents of
comparative examples to compare the slump loss
(change in fluidity over time) of concrete.

The formulation is as shown in Table 9.
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For preparing concrete, cement, aggregates and
water or water containing water-reducing agent were
kneaded for 3 minutes in a 100 transportable tilting
mixer and the slump was measured immediately and 30
and 60 minutes later. The slump and the amount of air
were measured according to JIS.

The measurement results are as shown in Table 10.
With inventive articles (examples), target slump can be
obtained at lower addition level than that of conven-
tional water-reducing agents (Comparative examples)
showing that the inventive articles are excellent in the
dispersibility over the conventional ones.

TABLE ¢

Formulation

W/C S/a Unit weight® gggfm:;!
(%) (%) C \%Y S G

33.1 S0 320 170 931 947

Concrete added with
water-reducing agent

*C Cement: Normal portland cement, S.G. 3.16

W Water: Tap water

S Fine aggregates: River sand produced at Kashima, S.G. 2.59, F.M. 2.62

G Coarse aggregated: Crushed stone produced at Yamaguchi, S.G. 2.71, F.M. 6.86

TABLE 10
Addition®* Amount ___ Slump(cm)

level of air Immedi-

(%) (%) ately 30 min 60 min
Example 10 0.42 1.5 19.5 18.5 18.0
Example 13 0.40 1.6 19.5 19.0 18.5
Example 14 0.42 1.6 20.5 20.0 19.0
Example 21 0.42 1.9 20.0 19.0 18.5
Comparative 0.50 1.6 19.5 18.0 16.5
example 1
Comparative 0.52 1.7 20.0 18.0 17.0
example 5
Comparative 0.42 1.5 14.0 10.0 8.5
example 5

*7% by weight based on cement

EXAMPLE 25 THROUGH 28

Specified lignin sulfonates were produced as follows:

1. The sulfite pulp spent liquor was oxidized with air
under alkaline condition and allowed to precipitate with
sulfuric acid. The precipitates were washed with water
and neutralized with sodium hydroxide to obtain lignin
sulfonate containing 0.3 mol of sulfonic group and 0.4
mol of carboxyl group per phenylpropane unit.

2. The sulfite pulp spent liquor was concentrated and
purified through ultrafiltration membrane (trade name
GOST (fractionatable molecular weight: 5,000) made
by Bioengineering KK). The content of reducible sug-
ars in lignin sulfonate thus obtained was 3.2% (based on
solids).

The lignin sulfonates produced under 1) and 2) were
mixed with the condensate produced in Example 10 at
30:50 (ratio based on eolids) to obtain the inventive
articles (Examples 25 and 26), respectively.

Similarly, the condensate produced in Example 13
was mixed with the lignin sulfonate produced under 1)
at 60:40 (ratio based on solids) and with the lignin sulfo-
nate produced under 2) at 40:60 (ratio based on solids)
to obtain the inventive articles (Examples 27 and 28),
respectively.

The materials used for concrete and the formulation
are as follows:

Cement (C): Normal portland cement

Fine aggregates (S): Land sand produced at Kisarazu
(S5.G. 2.59, F.M. 2.40)
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Coarse aggregates (G): Crushed stone produced at

Yamaguchi (S.G. 2.70, F.M. 6.75)
Water (W): Tap water

TABLE 11

Formulation

Target
Target amount
W/C S/a C W S G slump of air
(%) (%) (kg/m") (cm) (%)
50 48 320 160 869 981 20 4

The water-reducing agents of Example 25 through 28
were added to the formulation in Table 11, respectively
and kneaded for 3 minutes in a 100 mixer. The amount
of air in each slump was measured immediately and 30,
60, 90 and 120 minutes later. Besides, the measurements
of slump and amount of air of concrete were made
according to JIS. Moreover, similar measurement was
carried out for comparison using water-reducing agents
comprising the condensates obtained in Example 10, 12,
13 and 15 to obtain Comparative example 10, 12, 13 and
15.

TABLE 12

Test results of concrete
Type of Amount of
water- Slump (cm) air** (%)
reducing Immedi- 30 60 90 120 Immedi-
agent ately mn min min min ately
Exampie 25 20.5 20,0 195 190 18.0 4.5
Example 26 20.0 200 190 185 18.0 4.4
Example 27 20.5 195 195 190 185 4.6
Example 28 19.5 150 185 180 17.5 4.2
Comparative 20.5 19.0 175 155 13.0 4.3
example 10
Comparative 19.5 18.0 17.0 145 120 4.3
example 12
Comparative 19.5 185 17.0 140 11.5 4.7
example 13 |
Comparative 20.0 18.0 175 160 125 4.6
example 15

*Addition level of water-reducing agent: 0.5% based on cement
**Adjusted with surfactant

‘The measurement results are as in Table 12, which
show better retainment in fluidity of the inventive arti-
cles over comparative ones.

As described above, the condensates of the invention
are useful as industrial dispersants and epoxy resin hard-
eners.

When using them as water-reducing agents for ce-
ment compositions such as cement paste, mortar and
concrete in accordance with the invention, the water-
reducing property is particularly high, the expected
fluidity can be achieved at lower addition level over
conventional cement admixing agents and the decrease
in fluidity over time is low to improve the executability
and workability.

Moreover, when using as dye dispersants, they ex-
hibit excellent dispersibility even in a high-temperature
region, excellent leveling property and low contamina-
bility.

Furthermore, they show high viscosity-reducing ef-
fect at lower addition level over conventional additives
for carbonaceous fine powder-water slurry and. stabil-
ity. They have also excellent dispersibility for gypsum,
calcium carbonate, etc.

What is claimed is:
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1. A water-reducing agent for cement, comprising a
condensate prepared by reacting a bisphenol compound

of the formula (I)

wherein X indicates a member selected from the group
consisting of a covalent bond,

(I)

HO-

10

r 0
—C—, —C=, =—S§—, 13
| | |
R2 R O
COOH

—O—and mixtures thereof, R;, Ry and R3; each inde- 20

pendently 1s hydrogen or alkyl and Ry is alkylene, or
salts thereof, with a compound having the formula (II)

23

SO;H (1I)

NH>

wherein Y is hydrogen or alkyl, or salts thereof, and
with formaldehyde in the presence of an alkali catalyst
at a pH of from 7 to 12, wherein said bisphenol is pres-
ent in an amount of from 20 to 150 parts by weight and
said formaldehyde is present in an amount of from 20 to
65 parts by weight, relative to 100 parts by weight of
said aromatic aminosulfonic acid, and said condensate 40
has a weight-average molecular weight of from 10,000
to 50,000.

2. The water-reducing agent of claim 1, wherein R;,
Rz and Rj each independently is hydrogen or methyl,
R41s (CH3); and Y is hydrogen.

3. The water-reducing agent of claim 1, wherein said
reacting is conducted by adding said formaldehyde to a
mixture of said bisphenol compound, said aromatic
- amnosulfonic acid compound and said alkali catalyst,

then heating said formaldehyde and said mixture at a
- temperature of from 60° to 110° C. over a period of time
of from 4 to 20 hours.

4. The water-reducing agent of claim 3, wherein said
formaldehyde is added to said mixture of said bisphenol
compound, said aromatic aminosulfonic acid compound

and said alkali catalyst dropwise over a seriod of time
of from ob 1 to 3 hours.
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5. The water-reducing agent of claim 1, wherein said
bisphenol compound having the formula (1) is selected
from the group consisting of 2,2-bis(4-hydroxyphenyl)-
propane, 4,4'-dihydroxydiphenylsulfone, 4,4'-dihydrox-
ydiphenylmethane,  4,4-bis(4-hydroxyphenyl)valeric
acid, 4,4-bis (4-hydroxyphenyl)-butyric acid, 4,4'-dihy-
droxydiphenylether and 4,4'-dihydroxybiphenyl.

6. The water-reducing agent of claim 3, wherein said
alkali catalyst is selected from the group consisting of
sodium hydroxide, calcium hydroxide, potassium hy-
droxide and ammonium hydroxide.

1. The water-reducing agent of claim 1, comprising
from 80 to 20 parts by weight of said condensate, and
further comprising form 20 to 80 parts by weight of a
lignin sulfonate obtained from a sulfite pulp spent liquor
which is treated by ultrafiltration until the content of
reducible sugars is not more than 5%, said lignin sulfo-
nate having not less than 0.2 mol of carboxyl groups and
not less than 0.10 mol of sulfonate groups per mol of
phenylpropane units.

8. The water-reducing agent of claim 7, wherein said
ultrafiltration has a fractionation membrane for a molec-
ular weight of from 1,000 to 30,000.

9. The water-reducing agent of claim 1, having the

formula (III):
(111)
.SO3H
CH, NH;
OH
CH,

wherein n is an integer of 1 to 20.

10. The water-reducing agent of claim 4, wherein said
alkali catalyst is present in from 0.5 to 2.0 mol equiva-
lents with respect to 1 mol of said aromatic aminosul-
fonic acid compound.

11. The water-reducing agent of claim 10, wherein
said aromatic aminosulfonic acid compound is 4-amino-
benzenesulfonic acid, said aromatic aminosulfonic acid
compound and said bisphenol are present in a ratio of
1/1, and said alkali catalyst is added at a rate maintain-
ing from 0.95 to 1.05 mol equivalents with respect to 1

mol of said aromatic aminosulfonic acid compound.
* % % % %
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